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Abstract: Resistance to diseases and pests remain important characteristics of interest for pear breeders. 
Among pear’s diseases, pear leaf spot, caused by the fungus Mycosphaerella pyri, occurs in Transylvania 
conditions, Romania, and could produce yield decreases and negative economic effects. At FRS Station Cluj-
Napoca, the segregation for pear leaf spot response to attack of F1 pear hybrids belonging to six combinations 
was analysed. There were studied the seedlings originated in incomplete diallel cross, effectuated with four 
genitors (Comtesse de Paris, Milenium, Virgiliu Hibernal, Cluj 89-1-81 selection) by direct hybridization, 
without reciprocal and self-pollination. The seedlings were framed in six classes of their response to leaf spot 
attack, during two consecutive years, in absence of fungicide treatments, using a scale of notation from 1 (no 
attack) to 5 (very severe attack). The resistance/susceptibility of seedlings to pear leaf spot attack was considered 
as quantitative parameters and was computed by Griffing, respectively Masiukova model. The result for hybrids’ 
response to disease, appreciated by marks on hybrid and mean of marks in each hybrids combination, revealed 
marked differences among families, depending on genitors. General and specific combining ability (GCA and 
SCA) suggested that the pear response to leaf spot disease is under additive genes control, and, because their 
GCA values, cultivars like Comptesse de Paris and Milenium can transmit to its progenies tolerance or even 
resistance to disease. Based on the values of GCA and SCA, selection of genitors can be efficient for desirable 
characters like their response to pear leaf spot disease attack and capacity to transmit the resistance to their 
progenies. 
 
INTRODUCTION 
 
Pear leaf spot (syn. ashy leaf spot of pears, leaf fleck of pears), caused by the fungus 
Mycosphaerella sentina (Fr.:Fr.) Schrot., syn. M. pyri (Auersw.) Boerema (anamorph: 
Septoria pyricola (Desmaz.) Desmaz.) occurs in most areas of the world where pears are 
grown. 
The pear leaf spot fungus infects especially the leaves of pear, and, when the attack is 
intense and appears numerous leaf spots, the worst effect of this disease is premature 
defoliation with negative economic significance. If attack happens from year to year, the trees 
could become weak, stop bearing fruit, and begin to decline. Except these disease results, 
reverberate in premature falling of leaves and, consequently, yield decreases, shoots that have 
no leaves have no time to prepare for winter and can suffer injury (Bilder, 2000). 
 Methods of protection include chemical control against the fungus, prophylactic 
measures directed at the decrease of infection sources, but also the use of less susceptible pear 
cultivars.  
 49 
The last option is favourable ecologically and possible, because there are marked 
differences in response of pear cultivars to leaf spot attack. Even if many of the pear varieties 
are susceptibility to attack, there are some cultivars tolerant or resistant against pathogen 
(Lefter, 1959). Not only several well-known cultivars like Flemish Beauty, Duchess, Winter 
Nelis (moderately resistant), Kieffer (very resistant) have a good response to pear leaf spot 
attack, but also new Romanian cultivars like Euras, Ina Estival, Virgiliu Hibernal (Simeria et 
al., 2005). 
Creation of new pear cultivars resistant to diseases attack and pests remain important 
goals of pear breeding program (Bell, 1991), also taken into consideration at Fruit Research 
Station from Cluj-Napoca, Romania (Sestras et al., 2007, 2008). 
 
MATERIALS AND METHODS 
 
In a selection field at Fruit Research Station Cluj-Napoca, Romania, the response to leaf 
spot attack of seedlings was analysed on F1 hybrids originated in six crosses between the  
following pear genitors: Comtesse de Paris, Milenium, Virgiliu Hibernal, Cluj 89-1-81. 
Among the genitors, Comtesse de Paris is one of the well-known winter variety cultivated and 
spread in Romania, Milenium, and Virgiliu Hibernal are new cultivars created at Fruit 
Research Station Cluj-Napoca, and Cluj 89-1-81 is a selection obtained at FRS Cluj-Napoca, 
which is in homologation process (Sestras et al., 2007). The seedlings analyzed in experiment 
belonging to incomplete diallel cross, in which were made only direct hybridizations between 
the genitors, without self-pollination and reciprocal. 
The assessment of the response to pear leaf spot has been performed under natural 
infection environment, in the absence of phytosanitary treatments, every hybrid from the 
selection fields being rated regarding the attack on leaves on a scale from 0 to 5. The 
assessment was individually performed, for a period of two consecutive years, in the middle 
of July, the hybrids being in their 4th - 5th year of age (since their obtaining from seeds). The 
used assessment system has comprised scores corresponding to the following levels of 
response (resistance or susceptibility) to pear leaf spot attack: 0 = no attack; 1 = very low 
attack (very little and small spots on the leaves, about 1 mm in diameter, grayish);  2 = low 
attack (small, about 1-2 mm in diameter, but many spots on the leaves); 3 = medium attack 
(leaves having medium, 2-3 mm, and many spots, grayish-white in centre, with a well-defined 
black dark brown margin); 4 = severe attack (large, about 3-4 mm, and many spots on the 
leaves); 5 = very severe attack (large, about 4 mm, and many spots on the leaves, with circular 
dark-brown lesion and black fruiting bodies). 
For the cultivars used as genitors, there were determined Frequency (F%) and Intensity 
(I%) attack and then the Attack Degree (AD%), calculated by the formula: AD%=(F% x 
I%)/100 (Cociu and Oprea, 1989) and representing the expression of the attack’s seriousness. 
The genitors were analyzed in the same years and conditions with F1 hybrids. 
Differences among genitors were performed using ANOVA test, and differences among 
observed hybrids, within each combination, were analyzed using “t” (Student) test (Ardelean 
et al., 2002). General (GCA) and specific (SCA) combining ability of genitors, for the trait, 
were computed using the mathematical model proposed by Griffing (1956) and Masiukova 
(1979). 
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RESULTS AND DISCUSSIONS 
 
Considerable variation in response to pear leaf spot attack was registered among 
genotypes used as genitors (Table 1). 
The most susceptible cultivar to disease attack was Milenium, registered with high level 
of frequency (F%=25.7) and intensity (I%=15.4) attack, very significant compared to the 
mean of experiment, as control. Attack Degree determined for leaf spot attack for Milenium 
was also significant (AD%=4.02). 
Table 1 
The Frequency (F%), Intensity (I%) and Attack Degree (AD%), determined for leaf spot attack at genotypes 
used as genitors, and significance compared to mean of experiment used as control 
 
Frequency Intensity Attack Degree  Cultivar (F%) Signif. (I%) Signif. (AD%) Signif. 
Comtesse de Paris 2.3 oo 4.2 - 0.11 (o) 
Milenium 25.7 xxx 15.4 xxx 4.02 xx 
Virgiliu Hibernal 15.4 x 7.8 - 1.24 - 
Cluj 89-1-81 0.8 ooo 1.5 o 0.01 o 
Mean of exper. (Control) 11.0 - 7.2 - 1.34 - 
 SD 5%   = 3.7  4.1  1.25 
 SD 1%   = 5.5  6.2  1.90 
 SD 0.1%= 8.9  10.0  3.05 
 
The best response for the leaf spot attack had the Cluj 89-1-81 selection, with the 
smallest level, statistically assured, of Frequency (F%=0.8), Intensity (I%=1.5) and Attack 
Degree (AD%=0.01). A good reaction against pathogen revealed Comtesse de Paris, being 
registered with a small AD% (0.11%). 
The average of marks for response to pear leaf spot attack of F1 pear seedlings, 
computed as mean for each family represented by hybrid combination (Table 2), ranged 
between 1.09 in Comptesse de Paris x Cluj 89-1-81 selection and 2.09 in Comptesse de Paris 
x Milenium combinations. 
Table 2 
Mean values of the marks for response to pear leaf spot attack (scale 0-5) in F1 seedlings derived from six hybrid 
combinations, significance values of the Student’s t statistic and coefficient of variability (s%) 
 
Hybrid combination (♀ x ♂) Mean of marks for attack ± sx ±d 
t 
value 
Signifi- 
cance 
s% 
1 Comptesse de Paris x Milenium 2.09 ± 0.20 0.59 2.7 xx 53.4 
2 Comptesse de Paris x Cluj 89-1-81 1.09 ± 0.09 -0.41 -3.2 oo 27.6 
3 Comptesse de Paris x Virgiliu Hibernal 1.67 ± 0.33 0.16 0.5 - 49.0 
4 Milenium x Cluj 89-1-81 1.85 ± 0.29 0.35 1.1 - 70.8 
5 Milenium x Virgiliu Hibernal 1.18 ± 0.08 -0.32 -2.6 oo 39.3 
6 Cluj 89-1-81 x Virgiliu Hibernal 1.14 ± 0.14 -0.36 -2.1 o 33.1 
Mean of experiment (Control) 1.50 ± 0.09 - - - 64.7 
*, **, ***/o, oo, ooo Significant at P<0.05, 0.01 and 0.001 (positive, respectively negative). 
 
Compared to the mean of experiment, considered as control (1.50), except Comptesse 
de Paris x Cluj 89-1-81 combinations, significant negative difference was registered for 
hybrids belonging to Milenium x Virgiliu Hibernal cross (1.18), and Cluj 89-1-81 x Virgiliu 
Hibernal (1.14). These three combinations proved a good response of progenies to disease 
attack. 
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Based on the values of variability coefficients (s%) of the trait, in the studied 
combinations, the response of pear seedlings to leaf spot attack seemed to present a large and 
very large variability. The extreme values of variability coefficients were registered in the 
combination Comptesse de Paris x Cluj 89-1-81 (with the lowest level of s% - 27.6), 
respectively Milenium x Cluj 89-1-81 (s%=70.8). 
These values of variability suggest that, in the studied descendences, hybrids with 
different response to disease (from sensitive to resistant) are possible to be identified in each 
combination. 
General combining ability (GCA) and specific combining ability (SCA) computed for 
the marks of hybrids response to pear leaf spot attack and the results of genetic analyses of 
GCA and SCA are presented in table 3. 
Values calculated for GCA and SCA in F1 populations are higher than the theoretical 
ones for P5% and P1%, which suggest that, for the genitors used in the analysed 
combinations, both effects of GCA and SCA are important in the genetic determinism of 
response to disease of F1 hybrids. In spite of that, in the experiment, the analyzed trait on F1 
seedlings seemed to be stronger affected by the specific combinability of genitors (SCA 
effects). 
Table 3 
Analysis of variance for GCA and SCA of cultivars used as genitors, for leaf spot attack of F1 pear hybrids, 
depending on parental combinations 
 
“F” Value Source of 
variance 
Sum of square 
(SS) 
Degree of 
freedom (DF) 
Variance 
(s2) “F” 
calculated 
“F”(5; 1%) 
theoretic 
GCA 0.4730 3 0.157679 22.2893***   2.65; 3.88 
SCA 14.8756 2 7.437812 1051.401***   3.04; 4.71 
Error 0.764 294 0.002598 - - 
 
The experimental results on SCA and GCA effects and the constancy of SCA, for the 
observed trait of seedlings in analysed combinations, are presented in Table 4. 
 
Table 4 
SCA and GCA effects and SCA constancy and their influence on leaf spot attack of F1 pear hybrids, 
depending on parental combinations 
 
SCA effect 
♀/♂ Comptesse 
de Paris Milenium 
Cluj 
89-1-81 
Virgiliu 
Hibernal 
GCA 
effect 
SCA 
constancy 
Comptesse de Paris  0.1140- - 0.3680ooo +0.2540xx + 0.1692xx 0.102916 
Milenium    +0.2540xx -0.3680ooo +0.3063xxx 0.102916 
Cluj 89-1-81      +0.1140- -0.2146ooo 0.102916 
Virgiliu Hibernal        -0.2608ooo 0.102916 
SD for significance of GCA effect: SD 5%   = 0.1015; SD 1%   = 0.1334; SD 0.1%= 0.1710. 
SD for significance of SCA effect: SD 5%   = 0.1657; SD 1%   = 0.2178; SD 0.1%= 0.2792. 
 
Among the cultivars which had been used as genitors in the discussed diallel cross, 
Virgiliu Hibernal and Cluj 89-1-81 showed low, negative values for GCA with statistically 
assured difference (very significant) which denote the cultivars inclination to transmit to its 
progenies a good response to disease attack. 
Because a valuable new cultivar is resistant against diseases, it can be appreciated that 
Virgiliu Hibernal and Cluj 89-1-81 can be used as genitors for obtaining progenies with 
resistance or tolerance to pear leaf spot. 
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In opposition with these two cultivars, Comptesse de Paris and Milenium selection 
have a GCA effects that determine a susceptible progenies to leaf spot (both of them with 
positive and assured values of general combining ability in this direction). 
 
CONCLUSIONS 
 
General combining ability (GCA) and specific combining ability (SCA) effects of the 
genitors contributed significant in the inheritance of pear spot leaf resistance in F1 hybrids 
population. 
The result suggests that the response of pear to leaf spot attack is under additive gene 
control, and certain varieties could transmit this character genetically. Genotypes like Virgiliu 
Hibernal and Cluj 89-1-81 selection used as parents in hybridizations could produce mainly 
descendants with a good response to disease attack. 
Also, in concordance with this hypothesis, selection of parents on the basis of their own 
phenotypes will result in rapid genetic gains. The others genotypes used as genitor, as 
Comptesse de Paris and Milenium, showed positive and significant values for GCA, thus they 
can produce descendants with a susceptibility reaction against Mycosphaerella sentina. By the 
value and positive GCA effect it can be considered that these two genotypes have an obvious 
tendency of producing descendants with an accentuate sensibility to leaf spot infection. 
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